Ovarian cancer (OC) is one of the gynecologic malignancies with the highest mortality rate. The incidence of OC accounts for 3% of the gynecological cancer total incidence, but the number of OC deaths accounts for 5% of all gynecologic cancer number of deaths.[@bib1] Every year, about 200,000 women are diagnosed with ovarian carcinoma, and almost 125,000 die of it. Although 85% of OC is epithelial OC (EOC), it is the most serious histological subtype and threat for women's health.[@bib2] Currently, OC is generally treated by a combination of surgery and chemotherapy with cisplatin and paclitaxel, and appropriate radiotherapy, or other treatments. Although patients with OC have short-term relief, the recurrence and metastasis rate are still very high. Moreover, the 5-year survival rate of patients who have surgical treatment followed by adjuvant chemotherapy has remained less than 40%.[@bib3],[@bib4] Because of lack of thorough understanding of the resistance and molecular mechanisms of progression in OC, conventional treatments are limited. Increased efforts to get a better understanding of the specific molecular mechanisms in OC are required, and thus assist in the development of new diagnostic and therapeutic strategies.

RNAs longer than 200 nucleotides that lack the ability to encode proteins are classified as long noncoding RNAs (lncRNAs).[@bib5]--[@bib8] About 76% of the human genome are transcribed to generate lncRNAs,[@bib6],[@bib8] and they reside in the nucleus and/or in the cytoplasm.[@bib9] With the help of high-throughput sequencing technologies and other advanced research techniques, the biofunctions of lncRNAs are increasingly defined.[@bib10] Increasing evidence suggests that lncRNAs play a distinctly important role in many different cellular processes, including cell migration, growth, invasion, apoptosis, and differentiation.[@bib11],[@bib12] However, the biofunctions and molecular mechanisms of lncRNAs in human diseases including cancers have remained a mystery.[@bib13]

In this review, we describe the functions and molecular mechanisms of lncRNAs in the initiation and progression of OC. The current and prospective applications of lncRNAs in clinical OC research are also explored, with an emphasis on lncRNA-based diagnosis, prognosis, and therapeutics.

LncRNA
======

LncRNAs are noncoding RNA, which are longer than 200 nucleotides in length. In addition, they are very conservative and do not function as templates for protein synthesis. According to the location of the lnRNA gene on the genome, lncRNAs can be divided into 5 categories: (1) sense lncRNA, (2) antisense lncRNA, (3) bidirectional lncRNA, (4) intronic lncRNA, and (5) intergenic lncRNA.[@bib10],[@bib14]--[@bib16]

In various aspects of research on lnRNAs, the functions and mechanisms of lncRNAs are the most difficult and least understood. Now, new research indicates that lncRNAs have been implicated in various aspects of gene regulation, including imprinting, epigenetic regulation, trafficking of nucleus and cytoplasm, transcription, mRNA splicing, and so on.[@bib10]--[@bib12] lncRNAs have also been related to many diverse biological processes, such as cell cycle, cell proliferation, cell apoptosis, and cell differentiation.[@bib17]--[@bib19] On the basis of the pattern of their functions, lncRNAs have been divided into 4 subtypes, namely, signals (X-inactive specific transcript \[XIST\][@bib20] and PANDA[@bib21]), decoys (Gas5[@bib21]), guides (HOX transcript antisense intergenic RNA \[HOTAIR\][@bib22] and lincRNA-p21[@bib23]), and scaffolds (Anril[@bib24]). Previous studies have found that the abnormal expression or dysfunction of lnRNA is closely related to the initiation and progression of human diseases, including cancer. LncRNAs are closely involved in tumor development, for example, in gastric cancer, the maternally expressed gene 3 (MEG3) expression is clearly reduced, and MEG3 overexpression can inhibit cell proliferation and induce the cell apoptosis of gastric cancer.[@bib20] Therefore, in some types of cancer, specifically expressed lncRNAs may be used as tumor biomarkers, and they can be served as therapeutic targets as well to conquer cancer.

To summarize, lncRNAs can play a role through a variety of mechanisms in cancer to influence its development. Despite the increasing knowledge about the functions of lncRNA in cancer, the modes of action of most lncRNAs in most cancers remain unclear. Widely understanding the mechanism of action, regulatory pathways, hierarchical structure, and operation of the network of lncRNAs, we will greatly improve our recognitions of their function in cancer accordingly and find new way of treatment through regulating their function in OC.

DYSREGULATED lncRNAs IN OC
==========================

HOST2
-----

In 2003, Rangel et al[@bib21] found a new transcript, human OC-specific transcript 2 (HOST2), specific expression in human OC tissue. The HOST2 gene is located on chromosome 10 with a length of 2.9 kb, and it does not have an open reading frame, does not encode proteins, and belongs to lncRNA.[@bib21] LncRNA HOST2 have a highly specific expression in EOC, but the expression is very low or none in a variety of other common malignancies. After inhibiting the expression of HOST2, the migration, invasion, and proliferation of OVCAR-3 cells were significantly reduced.[@bib21]

Recently, the mechanisms of lncRNA HOST2 regulating the biological behavior in EOC cells by binding to microRNA let-7b was reported.[@bib22] The study first indicated that the lncRNA HOST2, which is highly expressed in EOC, functions as a molecular sponge which allows direct binding to let-7b and then inhibits the function of let-7b in the EOC. Moreover, they found that given the overexpression of HOST2 in EOC, HOST2/let-7b may contribute to the regulation of growth and development in EOC. Thus, we can easily infer that the expression of let-7--targeting genes HMGA2, c-myc, Dicer, and Imp3 increases, thus promoting the initiation and development of EOC. In addition, they observed that suppression of the activity of let-7b can increase both the mRNA and protein levels of HMGA2, c-Myc, Dicer, and Imp3. The schematic diagram of HOST2 promoting the endogenous expression of metastasis-promoting--related genes, which were targeted by let-7b, is shown in (Fig. [1](#F1){ref-type="fig"}). The results showed that the functions of let-7b can inhibit the expression of the oncogenes that negatively regulate cell growth and proliferation. In addition, the regulation between HOST2 and let-7b can provide innovative strategies for better diagnosis and treatment of this deadly malignant tumor.

![A schematic diagram of HOST2 enhances the endogenous expression of metastasis-promoting genes that are targeted by let-7b. A, Down-regulation of HOST2 may increase let-7b activity, which would inhibit expression of its target genes (HMGA2, c-myc, Dicer, and Imp3). B, High regulation of HOST2 binds to more let-7b and increases expression of its target genes (HMGA2, c-myc, Dicer, and Imp3).](igj-26-1564-g001){#F1}

HOTAIR
------

HOX transcription antisense RNA (HOTAIR) is the first trans-acting LncRNA to be found, which is located in human chromosome 12q13.13 with a length of 6232 bp.[@bib23],[@bib24] The human HOX gene family is divided into 4 subfamilies: HOXA, HOXB, HOXC, and HOXD, whereas LncRNA HOTAIR is identified from a custom tilling array of the HOXC locus.[@bib25],[@bib26] HOTAIR is located in the antisense strand of the HOXC gene cluster, but it could regulate the HOXD gene cluster.[@bib26] The most familiar regulatory mechanism of HOTAIR is that the 5′ or 3′ ends of HOTAIR can be respectively combined with PRC2 (composed of EZH2, SUZ12, and EED)[@bib25] and histone demethylase complex (LSD1, Co REST, and REST),[@bib27] and it mediates these 2 complexes binding to specific genomic loci, then respectively makes histone H3 trimethylated at lysine 27(H3K27me3) and histone H3 dimethyl Lys4(H3K4me2), and then causes the chromosome in a closed state and silences the expression of the target gene[@bib25] (Fig. [2](#F2){ref-type="fig"}). Thus, HOTAIR can regulate the expression of HOXD epigenetically, which was sited at human chromosome 2q.[@bib26]

![A schematic diagram of the mechanisms of HOTAIR. HOTAIR when combined with PRC2 (composed of EZH2, SUZ12, and EED) can trimethylate histone H3 at lysine 27 (H3K27me3) and inhibit HOXD gene expression.](igj-26-1564-g002){#F2}

The expression of HOTAIR is very high in the EOC tissue compared with normal ovarian tissues. In addition, high expression of HOTAIR is closely associated with the occurrence and development, invasion, metastasis, and prognosis in EOC.[@bib28] These researches emphasized the great clinical significance of HOTAIR in patients with EOC, and HOTAIR expression may act as a biomarker in predicting the progression of EOC. They also pointed out that the knockdown HOTAIR can inhibit cellular epithelial-mesenchymal transition (EMT) and reduce potential of tumorigenesis and migration ability via regulating the EMT-related gene. That is, HOTAIR can be used as a potential therapeutic target to treat patients with EOC.

Recently, studies have reported that HOTAIR can play a role by regulating the cell cycle and apoptosis pathway in serous OC (SOC).[@bib28] The study showed that silencing of HOTAIR can delay the progression of cell cycle and promote the apoptosis of the A2780 and OVCA429 SOC cells, evidencing that HOTAIR may participate in the regulation of cell cycle and apoptosis to promote cell proliferation in SOC. In addition to these studies, they also disclosed that the mechanism of HOTAIR in SOC is partly through regulating the expression of cell cycle-- and apoptosis-related genes, such as cyclin E, BCL-2 and caspase-9, caspase-3, and BRCA1. These research can be extended to our existing cognition about the downstream genes of HOTAIR, including the cell cycle--related and apoptosis-related proteins. In addition, these results in the present studies give us a stronger appreciation of the significance of the abnormal expression of lncRNAs in the SOC, and offer us a theoretical basis for the targeted therapy of SOC by lncRNA-based targeted strategies.

H19
---

The H19 gene is located at human chromosome 11p with a full length of 2.3 kb, which is the first lncRNA to be found related with cancer.[@bib29] Numerous studies have shown that H19 is differentially expressed in many cancers, and for its function in cancer, it plays a dual role: promote the tumor or suppress the cancer.[@bib30] Several groups reported that H19/IGF2 gene imprinting is associated with differences in methylation, chromatin conformation, and transcription cycle of the allelic of H19.[@bib31],[@bib32]

Mizrahi et al[@bib33] reported that the expression of H19 was detected in 90% of ascites cells of patients with OC by means of situ hybridization. By decreasing the expression of H19 in a subcutaneous nude mice model for OC, it could be observed that 40% of the tumor growth was inhibited.[@bib33] This indicates that overexpression H19 promotes the growth and the knockdown of the expression of H19 can inhibit the growth of OC.

Recently, Medrzycki et al's[@bib31] research reported that histone H1.3 can inhibit the expression of H19 and suppress the growth of OC cells. H1.3, a variant of H1, is highly expressed in the OVCAR-3 cell line, which is an EOC cell line. In addition, excessive expression of H1.3 can reduce the growth rate and colony formation of OVCAR-3 cells, indicating that H1.3 may play a suppressive role in cancer cells. Moreover, in multiple different OC cell lines, overexpression of H1.3 can inhibit the expression of H19, whereas down-regulation of H1.3 can increase the expression of H19, suggesting histone H1.3 as a specific inhibitor of H19. Histone H1.3 can regulate H19 expression mainly because overexpression of histone H1.3 can make the occupancy of H1.3 better at the imprinting control region (ICR), which encompasses the H19 regulator region, and also accompanied by the increase of DNA methylation and the decrease in the insulator protein CCCTC binding factor occupancy at the ICR (Fig. [3](#F3){ref-type="fig"}). Most of all, the synergies of increased expression of H1.3 and reduced expression of H19 can better inhibit the growth of ovarian epithelial cancer. These studies provide some new theoretical basis for better targeting treatment of EOC.

![A schematic diagram of epigenetic mechanisms of H19 repression mediated by H1.3 Histone H1.3 overexpression leads to increased occupancy of H1.3 at the H19 regulator region encompassing the ICR, concomitant with increased DNA methylation and reduced occupancy of the insulator protein CTCF at the ICR, which can inhibit the expression of H19.](igj-26-1564-g003){#F3}

XIST
----

X-inactive specific transcript (XIST) is a lnRNA that is located at the X chromosome inactivation (Xi) center, which is important in the initial phase of X chromosome inactivation.[@bib34] The precise molecular mechanism of XIST in the initial phase of X chromosome inactivation remains elusive, but there are plenty of evidence suggesting that XIST plays a stronger effect in the process of cell differentiation and proliferation and the maintenance of genomic stability.[@bib35] As XIST is located at the X chromosome, it is involved in gynecological diseases. Studies have shown that the expression of XIST is detected in almost all female cells, except in gynecological malignancies such as cervical cancer, breast cancer, and OC.[@bib32]

Benoit et al[@bib36] showed that XIST was not detected in more than half of the OC cells with Barr body staining compared with normal ovarian cells. In addition, other studies indicated that reduction of the expression of XIST can decrease the sensitivity of OC cells to paclitaxel, suggesting that XIST can serve as a biomarker of the prognosis of OC. This mechanisms could be interpreted by the XIST toxic effects of paclitaxel and might also be considered relevant in the reactivation of X-"specific resistance gene" and increased expression of these genes on the X chromosome.[@bib37] Another explanation is that loss of XIST is caused by genetic instability, thereby promoting resistance to chemotherapy in OC.[@bib37]

Others
------

LncRNA UCA1 is cloned from BLZ-211, which is a human bladder carcinoma cell line, and the full length of UCA1 cDNA is 1442 bp.[@bib38] Early studies have shown that UCA1 is associated with the development of embryonic and bladder cancer, and it is also observed as highly expressed in OC and other tumors.[@bib39] In addition, UCA1 plays a key role in promoting invasion and metastasis of tumor cells by up-regulating the expression of matrix metallopeptidase 2 (MMP2) and MMP9 in OC.[@bib38] Recently, Yang et al[@bib40] indicated that UCA1 could bind to miR-485-5p directly in EOC as an endogenous sponge. Low expression of UCA1 could down-regulate the expression of MMP14, and MMP14 is one of the target genes of miR-485-5p. In addition, UCA1 could improve EOC metastasis, and it is also associated with poor prognosis. Therefore, UCA1 can be a new prognostic biomarker and may serve as a potential target for the treatment of EOC.

LSINCT5 is an lncRNA with a length of 2.6 kb and is located in the cell nucleus.[@bib40] Studies have shown that the expression of LSINCT5 is very high in both OC cell lines and tissues.[@bib41],[@bib42] It also shows that knockdown of LSINCT5 can reduce cell proliferation and induce changes in the expression of some genes, such as NEAT-1 and PSPC1.[@bib41] Although the function mechanism of LSINCT5 in OC is still unclear, it plays a significant role in the initiation and development of OC.[@bib43] So, LSINCT5 may be used as an appropriate target for the treatment of OC.

LncRNA MEG3 is located at the human chromosome 14q32.3, which is also called maternally expressed gene 3.[@bib44] Studies have found that MEG3 is expressed in many normal tissues, including ovarian tissue[@bib45]; however, the level of MEG3 is very low or rarely detected in some tumor tissues and tumor cell lines, including breast cancer, cervix cancer, hepatocellular cancer, colon cancer, and so on.[@bib46]--[@bib48] Studies have demonstrated that MEG3 showed low or no expression in EOC tissues and OC cells compared with normal ovarian tissues,[@bib49] and overexpression of MEG3 could inhibit proliferation and promote apoptosis in the OC cells; therefore, MEG3 may be a tumor suppressor gene in OC.[@bib50] The low expression of MEG3 in OC is caused by multiple mechanisms, and the increased hypermethylation of the MEG3 promoter can reduce the expression of MEG3 RNA in EOC.[@bib49] In addition, the study also noted that MEG3 can control the proliferation of OC cells via targeting p53 and/or RB1.[@bib50] So, through further research, MEG3 may be used as a potential therapeutic target and may provide new treatment strategies for EOC.

BC200 is a lncRNA with a length of 200 nucleotides and expressed specifically in the human nervous system.[@bib10],[@bib51] The expression of BC200 was significantly decreased in OC tissue compared with that in normal ovarian epithelium.[@bib52] This suggests that the low expression of BC200 may be associated with the development of OC. The low expression of BC200 may be used as a potential diagnostic marker for patients with OC. In addition, down-regulation of BC200 can lead to the proliferation of OC cells and inhibit the sensitivity of OC cells to carboplatin.[@bib52] However, the current research also shows that BC200 has no obvious effect on the invasion and migration of OC cells. In a summary, the dysregulation of BC200 was detected in OC, and this evidence provide some clinical implications of BC200 for the diagnosis and targeted therapy of OC.

PVT1 is an lncRNA with a length of 1.9 kb, originally identified as a transcriptional unit from a human homologous sequence to PVT1.[@bib53] The amplification and overexpression of PVT1 can increase cell proliferation and inhibit cell apoptosis, suggesting that it is an antiapoptotic gene.[@bib54] Recently, it was reported that PVT1 is associated with cisplatin resistance in OC.[@bib55] It also indicated that overexpression of PVT1 can inhibit the expression of transforming growth factor-β1, p-smad and caspase-3 in OC, which were associated with cell apoptosis.[@bib55] In short, PVT1 expression is closely related with carboplatin resistance in OC by regulating cell apoptotic pathways.

CONCLUSIONS AND PROSPECTIVE
===========================

To summarize, lncRNAs play a major role in the control of OC cell growth, division, metastasis, invasion, proliferation, and drug resistance[@bib22],[@bib28],[@bib31],[@bib33],[@bib37],[@bib38],[@bib43],[@bib50],[@bib52],[@bib55] (Fig. [4](#F4){ref-type="fig"}). The abnormal expression of some lncRNAs can contribute to the development and progression of OC. In addition, aberrant expression of some lncRNAs in OC can provide new information for disease detection, diagnosis, and treatment to patients with EOC. LncRNA is associated with the sensitivity of chemotherapy drug in OC, so the detection of lncRNA level within tumor cells can predict patients' sensitivity to chemotherapy. In aspects of molecular therapy, lncRNA as an emerging target can provide new information for targeting therapy of OC. In addition, lnRNA as a tumor marker has a higher sensitivity and specificity for the diagnosis and prognosis of OC.[@bib56] However, compared with microRNA, the research of lncRNA is still in the fledgling stage. Only a small amount of lncRNAs are identified and found to be associated with OC, and the molecular mechanisms of their role in the development and progression of OC are still not yet well defined. Accordingly, further work on lncRNAs are required to understand the molecular mechanism and to serve for the clinical prognosis and therapy of diseases.

![Dysregulation and functional roles of lncRNAs in OC. A, HOST2 could increase cell metastasis, invasion, and proliferation via binding to let-7b and inhibiting the function of let-7b, and then increase expression of its target genes (HMGA2, c-myc, Dicer, and Imp3). B, HOTAIR represented a prognostic marker and increased cell metastasis and invasion by regulating EMT-related genes; HOTAIR promoted SOC cell proliferation and decreased cell apoptosis by regulating certain cell cycle-- and apoptotic-related genes (cyclin E, BCL-2, caspase-9, caspase-3, and BRCA1). C, H19 increased cell proliferation. D, LSINCT5 increased cell proliferation. E, MEG3 promoted cell proliferation and decreased cell apoptosis via p53. F, PVT1 inhibited cell apoptosis and increased cell proliferation and carboplatin resistance in OC by knockdown the expression of TGF-β1, p-smad4, and Caspase-3. G, BC200 inhibited OC cell proliferation and increased the sensitivity of OC cells to carboplatin. H, XIST could inhibit OC cell resistance to paclitaxel via reactivating the X-specific resistance gene. I, UCA1 promoted invasion and metastasis by up-regulating MMP2 and MMP9 expression in OC cells; UCA1 represented a prognostic marker and enhanced EOC metastasis through the UCA1-miR-485-5p-MMP14 axis.](igj-26-1564-g004){#F4}
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